148

143

Report of Drs. Cole and Avery (assisted by Drs. Abernethy, Dubos,

Goebel, Goodner, Hotchkiss, Horsfall, C. MaclLeod, and Stillmanr)

Therapy of pneumonia. Shortly before the opering of this hospi-

tal, Dr. Osler said, "Pneumonia is a self-limited disease, which can nei-~
ther be aborted ror cut short by any means at our command." Attempts to
develop methods for successfully treating this disease have engaged the at-
tention of various members of the staff ever since the hospital was opened.
This idea has beer in the backgrourd of a large amount of experimental work
which has ylelded important results of general sigrificance, at first sight
not related directly to the larger problem, but nevertheless possibly haw
ing much importarce for its ultimate solutior. Such, for instance, have
beer the demonstratior of the importarnt part which carbohydrates play in
immurological phenomerna, ard more recently the demonstration of the role

of lipoids ir immunity reactions. Indecd, such apparently unrclated mat-
ters as increase of knowledge corncerrning gas excharge irn the blood and rew
knowledge corncerning the chemistry of sugars have had the same origin, and
marny other similar examples might be mentioned,

The mair problem, however, has rot beern lost sight of, and many
procedurcs which have been proposed for the treatment of pnoumoria have
beer investigated~-not only those proposed hore, but those which have boen
introduced elsewhore. Some of the latter have been studied, not because
they seomed of great value, but because they werce being widely employed and
because the resources of our hospital permitted a kird of intensive inves-
tigation not possible elsewhere. These efforts grew out of a realization
of the more immediate obligation of the hospital to the medical profession

ard the public. Such studics were those corncerning certain chemotherapeutic
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drugs such as optochin, of oxyger therapy, of diathermy, and more recently
of artificial preumothorax. Conclusive evidence was brought to discredit
certair of these measures, such as diathermy, while irn the case of others
their exact value was sharply defirned.

During the past two years an investigation of the method of arti-
ficial preumothorax ir the treatment of proumornia has been made, and a re-
port on the first cases treated has beern made by Abernethy, Horsfall, and
MacLeod. The results of this study irdicate that the injectiorn of small
amourts of air into the pleura may be effective in certain cases ir relicv-
irg the sevore pair, ard so may irdirectly be of value, but that tho proca-
durc hes ro apparent effect orn the course of the disease, ard irndeed, corr
plete collapse of the lung, which has been advocated, may give rise to com
plications which arc distinctly harmful.

The first therapoutic measure which was siudied irn the hospital
was treatmont with immune horse sorum, and this study has beer continued
up to tho present time. It was undertaker because cxperimental studies in
animals irndicated strongly that under certain cornditions, at least, it might
be of value, and the first practical application made in this hospital indi-
cated what these corditions might be. The work has been continued all these
years in order that those conditions might be accurately defined, that the
nethod might be developed so as to have a wider application, ard firally,
that eviderce might bé obtaired which wdﬁid be sufficiently convincirg to
irflucnce its goreral adoption, The work was cortinued in the face of somo
discouragement, but the nain facts have now beer cstablished, and the great
value of Type I immunc sorum in the treatment of cases due to the homolo-
gous organisn has now received general recogrition. Four hundred ard sixty-

two cases of Type I pnounoria have row been treated in this hospital, with
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a rortality rate of 10.5 per cent., Of the cases treated within the first
three days, the mortality rate has been 4.8 per cent, in those treated on
the fourth day or earlier, 8.2 per cent, on the fifth day or earlier, 8,6
per cont, and in those treated after the fifth day, 19.5 per cernt. Of the
last 25 patients, all troeated with concertrated serum and most of them
treated ocarly, not one has died. Whor it is remembered that the gernecral
nortality rate of Type I preunornia rot treated with serum has been not
less than 20 per cent, more likely 25 per cont, the effectiveness of serum
treatnent in this condition is obvious.

Largely through the influernce of this hospital, Type I preunonia
is coning to be recogrnized as o specific infectious discase. Of this con-
dition not less than 25,000 porsons row die each year in thls country, more
than twice as many as cver dicd of typhoid fever whern it was nost prevalent.
The first serum used was nade by the hospital, but later the preparation of
the serum was undertaken by the New York State Board of Health, and through
the cooperation of Dr. Wadsworth, Diroctor of the Laboratory of the State
Board of Health, we have reccived free of charge all the serum we have used.
This sorunm has cost the State manj thousards of dollars.

During tho p#st“few yéars a campaign has beer carried out by the
State Board of Health of Massachusetts to promote the use of this serum
and to assist thé doctors in adminisgtering it. A ginilar compaign is now
being undertakern by the New York State Board of Health, and the serun is
being used extersively in Ergland., From the very beginning,vthe Hospital
has not engaged in efforts rapidly to externd its use, feoling that our
proper functior should be to bring evidence by demonstration of its use-
fulness, to make every effort to have it used in a proper and scientific

nmarner, and especially to lcarn more about its nmode of actior and to devige
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nethods for adepting this or other specific methods to the treatment of

other types of preunonia.

The irmmurological significance of the 1lipids of antiprneumococcns

sera. {Goodrer and Horsfall) Antipnsumococcus horse ard rabbit scra ex—

hibit many corntrasting properties. Tho nmorc outstarding of these are shown

in the following table:

Antipneunococcus | Antipreunococcus

Horsc Serunm Rabbit Serum

Precipitate with capsular poly-~
saccharids 1:10,000

Macroscopic Grarular cake Translucent disc

Microscopic Granalar Hyallie
Complemernt fixation with capsular
polysaccharide - +
Possive sensitization of guinca
pig to capsular polysaccharide - +

Capsular "Quellung" or swelling
pheronenon

1+
+

Protective prozone + . -

Precipitation of immune fraction
by 9 volumes of distilled water + -

Reanction with degradatiorn prod- )
ucts of capsular polysaccharide + -

There are, in addition, two furﬁher gtrikirng spocies dissimilari-
ties. First, the capsular polysaccharide, of itself, is antigenic ir the
horse but rot ir the rabbit. The second point ig the relation of the feao—
tivity of these sera to lipids, the gubjoct of this report.

1. Antipreunmococcus sera lose their properties of specific agglu-

tination and precipitation after extraction with lipid solvents.
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2. Providing due precautions have been taken against denatura-
tion of the proteins, this treatment in rno way alters the capacity of the
antibody to combine with the antigen. This is evidenced by specific ab-
sorption with prneumococci and by the capacity of extracted antipneumococ-
cus rabbit serum to give complement fixation with the capsular polysaccha~-
rides. Neither of these phenomena are dependent upon flocculation. More~
over, if pneumococci are first treated with lipid-extracted serum, subse-
quent addition of whole serum fails to brirng about agglutiratior.

3. The agglutinating and precipitating properties of immune sera
may, however, be restored in vitro by the additiorn of certain lipids. Thus
antipneumococcus horge serum regains its flocculating properties on the ad-
dition of very small amounts of lecithir, while those of artipreumococcus
rabbit serum return upon the addition of cephalin. The quantity of phos—
phatide which is essential for this restoration is of the order of 0.025
mg. per cc. of serum, ar amount too small for accurate determiration by
present methods.

4. If to the extracted serum cholesterol is first added, the
further addition of lecithir or cephalir respectively does not restore the
secondary properties.

5..Antipneumococcus gera from ten species of animals have been
investigated in these respects. Those from man, the mouse, the goat, the
cat and the dog are analogous to that of the horse; that is, lecithin is
required for restoratior of secondary flocculating propertioes after 1lipid
extraction. None give complement fixation with prnoeumococci or the capsu-
lar polysaccharides, In these arimals the capsular polysaccharides are
antigenic. On the other hard, antiproumococcus sera from guirea pigs,

rats, and sheep possess the attributes of that from the rabbit. Secondary
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properties are restored by the addition of cephalin. Complement fixation
ig obtaired. In none of these animals are the capsular polysaccharides

antigenic ir their free form. No arntipreumococcus serum has beern found

which does rot fall into one of these two groups.

6. Chemical analyses carried out upor precipitates obtained from
the interactior of antipneumococcus sera and the specific polysaccharides
show that from 5 to 80 per cert of the total mass of the precipitate may
corsist of lipid.  These large amournts of lipid are readily determired by
aralytical methods, It is believed that they are adsorbed on the immune
aggregates.

7. Irn the equivalence zore, that is, the rarnge of combinations
of antigen and antibody in which both arc present in dissociated form, the
entrained lipids in the immuno procipitate consist of cholesterol, choles—
terol esters, and phosphatides. No neutral fat has beern fournd. The capa~
cities of these lipids to be adsorbed is in the order giver.

8. Thore is ro characteristic quantitative difference in the
lipid pattern cither of the original horse and rabbit sera or of the im-
mune precipitates derived therefrom. There is, however, a qualitative dis-
tinctior ir the adsorbed phosphatides., With immune horso serum cephalin
ig fourd in the precipitates, while with the immune rabbit precipitates
the phosphatide is lecithin. The adsorbed phosphatides appear to occupy
a position paradoxical to those of the ossential. Thus with immure horss
serum traces of lecithin are required for precipitation, but the mass of
phosphotide ir the immure precipitate is cephalir. Conversely, with immune
rabbit serum mirute amounts of cephalirn are essential for restoratiorn of
activity but large amounts of lecithin are fourd in the immune precipltates.

9. The addition of various lipids terds to modify the protective

action of antiproeumococcus sera, although here agair therc are marked
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species differernces. Thus rcither cholesterol, cephalirn nor lecithin af-
fects theo protoctive properties of antipneumococcus rabbit serum. On the
other hand, the protcction expected with antipneumococcus horse scrum is
blocked by both cholesterol ard cephalin. It may be roted that both of
the latter are "fixed" in the immune horse aggrogates. Since cephaliﬁ is
rot fixed by rabbit aggregatcs, no action would be expected. The failure
of cholestorol to irhibit tho protection with immune rabbit serum is ex-
plaired by the fact that lecithin ard cholesterol aroc artagornistic.

The evidence thus far obtaired and briefly summarized in the
foregoing paragraphs permits the claboration of the following conception.

a. In thoese immune rcactions, certain lipids are egsential to tho
socordary pheromena of flocculation (procipitatiorn and agglutination) but
rot concerned with the primary and fundamental specific union of antigen
arnd antibody. For antiproumococcus sera theso lipids arc nhosphatides and
have no snecificity ir the usunl immurological sernse, but are rather detor—
mired by the species source of the imrmunc serum. In naturce the antibody
protein probably exists ir combination with these lipids, and many of the
ratural proporties of the artibody, as, for ocxample, its solubility, are
largely corditiored by the lipid portion of the molecule.

b. Certair other lipids are bourd or fixed by the immune aggre—

gate, but are non~esgential for the visible pheromera of precipitatior anl

agglutination. Ir ore early phase in tho course of flocculation, the im-
mune agercgates behave as colloidal particles, and as such possess the
property of adsorptive gels, Therc may or may not be a large variety of
substances adsorbed on these particles, but it is certain that the lipids
are taken down rather readily; arnd, as has been determined, comnstitute a

significant portion of the firal mass of thc aggregate. 1In this process
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the amount of lipid adsorbed bears, in gereral, a defirite relationship to
tho properties of tho milicu, arnd thus follows the gereral laws of adsorp-
tive phenomera. Ir addition there is a conspicuous lack of selectivity ex-
cept in two respects: first, certain lipids are more readily adsorbed than
others; second, the non—essential phosphatides are again characteristic of
the species, but are the opposites of the essential phosphatides. Since
the amounts of these bound but ron-essential 1lipids are not inconsiderable,
they corntribute irn a striking scnse to the properties of the immune aggre-
gates, Morcover, they play a decisive role in the protective action of

the immune sera,

The effect of enzymes on the antigericity of prcumococcus vac-

cires (Dubos). Urder appropriate conditions, the immurizatior of rabbits
with "vaccines" preparcd fronm cultures of virulent prneumococci may bring
about the production of an antibody--a precipitir——directed against the.
type~specific capsular polysaccharide of the strair used in the vaccine.
It has beon shown, however, that this polysaccharide itself docs not func—
tior as an antigon in the rabbit--at least not in the form in which it has
been chemically extracted from the bacterial cells. All atterpts to ob-
tain the hypothetical "capsular polysaccharide antigen" in the form of a
solutiorn have go far failed, and this failure has rerndercd. impossible a
study of the chemical structurc of the antigen in question. It was thought
that the problem could be attacked in ar irdirect way by the use of known |
enzymos which would inactivate the type-specific antigen and reveal thereby
the existence and nature of certain groups and lirknges characteristic of
its constitutioﬁ.

Heat~killed or formalized suspernsions of virulent preumococci

were used ag source of antigerns; the materials werc tosted for antigernie
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activity by the intraverous injectior of rabbits, ond the presence of the

antibody rccogrnized by the occurrence of a precipitin reaction between the
impnunc serum and high dilutions of the type-specific capsular polysaccha-

rides.

Gram-positive cocei arc krown to be rcsistant to tho action of
commor. cr.zymos and we could confirm the fact that following the action of
crystalline trypsin ard chymotrypsin, ard of commercial preparations of
pepsir, papairn, pancrcatic lipase ard phosphatase, the cells in 2 preumo-
cocecus vaccine remaired gram-positive, and, irn the cascs where it was
tested, rotaired their spocific antigonicity.

Two sets of observations served as leads for the discovery of
orzymes capable of rondering ireffective in rabbits the "capsular polysac-
chnaride antiger": (1) Provious studies from this dopartment have estab-
1lished that rabbits irjocted intradermally fail to produce type-specific
precipitins, thus éifforirg from thoso immunized irtraverously. This sug-
gosted as a possiblo explanation the existerce in tho skirn of some principle
capable of innctivating a part, at least, of tho preumococcus arntigeni
(2) It has also been obsorved that rabbits immunized intraverously with
autolysatos--or bilc sclutions—of proumococci failed to respond with tho
usual formatiorn of typohspccifio procipitins,. This again suggested that
the processes of autolysis arnd bile solution roesulted in an iractivation
6f the antigen.

1., As statcd above, rabbits irmmunizod by repecated irtradernal
injoctions fall to respond with tho formation of the capsular poiysacchaw
ride precipitin, To study this matter further, heat-killed cells of viru-
lent preunococcei were irjocted at different sites into the skin of a rab-

bit. Thesc injected arceas were cxcised at different intervals of time and
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nicroscopic preparations of tissue fragments were stained by the Gram
techrique. As early as 24 hours after injection, many preumococci were
found to have undergone a‘process of extracellular digestion, some of them
beconing much smaller, but remaining-granhpositive. others, or the cor—
trary, losing the ability to retair the Gram stain, but maintairning their
norphology. Many of the gram-regative cells had beern engulfed by the leu-
cocytes. This process progressiveoly incrcased during the second and third
days, until, orn thoe fifth day, only gramnegative bactorinl debris could
be detected. These obscrvations indicated the sccretion by lecucocytes of
a ferment capable of lysing hoat~killed prounococci.

Ar. nttompt was made to isolate this principle, ard study its
properties. The followirg tcchniquo gave very dependable, and relatively
purc preparations, Arn exudntc consisting mostly of P,M,N. colls was ob-
tained by irjecting alcurornatc into tho pleural cavity of a rabbit, The
cells wore contrifuged, resuspended in salire arnd nllowed to autolyze at
45°C for 8 hours. The autolysatc wns oxtracted with /10 H €1, and the
acid solutior filtered through o Berkefeld candle; orn neutralization (to
pH 8.0) this filtrate gavc ar aburdart——-inert--precipitate which was
readily romovod By centrifugalizations. Tho clear’supernatant was preci~
pitated with 3 per cent trichloracetic acid and loft in contoct with this
reagort for 3 hours, When the precipitdte was toker up irn distilled water,
most of it remained insoluble, but the solution was highly active. This
solution, separated from the precipitato, was again precipitatod with 3
per cent trichloracotic acid, yielding a product entirely and rcadily solu-
ble in wator. This materinl, apparently a protoir, is soluble in acetone
from which it precipitates or neutralizatiorn. It was nececssary to carry

out this last stop in the cold in order to aveid dernaturization with ac-
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comparyinrg loss of solubility and activity.

Wher tested orn heat-killed pneumococci, this solution was found
to change the cells from gram-positive to gram—negative, without, however,
brirnging about a complete dissolutionrof the formed elements. The enzyme
has an optimum activity at slightly alkaline pH, but is also effective at
pH 7.0. Although it resembles trypsin ir some of its properties, it dif-
fers from the latter in many respects; trypsin, for instance, causes marked
clecarirng of sugpensions of heat-killed preumococeci without changing the
cells to gramnegative. Under proper cornditions, 1 mg. of the enzyme ex—
tracted from leucocytes will render gram—negative 200 mg. of heat-killed
preumocodeci (Type I).

Ir 1921, Flemming demonstrated the presence in eggwhite, tears,
ard various arnimal tissues, of a prirciple——lysozyne-—-capable of lysing
cultures of many sanrophytic microorganisms. Two years ago, K. Meyecr dew-
eloped a tcchrique for the purification of lysozyme and demonstrated the
enzynmatic nature of its action. Through his courtesy, we have been able
to test the actiorn of pure lysozyme on prncumococci and fourd that, also in
this case, thero occurs a loss of tho Gram reactlion, without ary actual dis-
solution of the colls, Lysozyme differs from the loucocyte enzyme pre—
viously described ir many of its properties; for instance, it is much léss
stable at alknlire recactions, it is active against preumococei orly in |
high concerntrations, and has ar optimum activity botween pH 5.5 and 6.5.
Furthermore, lysozyme acts upon a groat mary difforent groups of hemolytic
streptococei, whereas the leucocyte onzyme is ineffective agninst all the
strains of streptococci tested.

Wo have, therefore, two enzynes, rancly, the one extracted from

polymorphonuclear leucocytes, arnd lysozyme, voth of which have the properiy
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of rendering heat-killed preumococci gram-regative, without, however, caus-
irg a complete dissolution of the cell bodies. If row rabbits are immunized
by the intraverous route with vaccines of virulent pneumococci treated by
these enzymes, the animals fail to produce the capsular polysaccharide pre—
cipitins which regularly appear in the serum following irntravenous immuniza-
tion with the untreated vaccine. It is, therefore, apparent that the action
of these two enzymes rernders ineffective tho capsular antiger in rabbits.

2. Avery ard Cullern have demonstrated the existence in Pneumococcus
of an enzyme~complex capable of lysing suspensions of heat~killed pneumo-
cocci. A further study has been made of the methods of preparation and of
the propertics of this onzymec. 1t was found, for instance, that cach pneu-
mococcus coll contains orough enzyme to render gram—negative 50 to 100 cocci
killed at 60°C; this point is of importance in viow of the rapidity witH
which pnecumococci autolyze undoer cortaln cornditions.

As in the casc of the leucocyte enzymes, it was found that heat—
killed or formalized vaccines entiroly lost thoir activity as "capsular
antiger" in the rabbit after troeatment with ar enzyme preparation derived
from a pneumococcus autolysate. This action could be obtaired uding as the
source of enzyme either arn R or S variart, irrespoctive of typé. ’Further-
more, it was not noceseary to uso an amount of ernzyme sufficient to cause
complete dissolution of the cells. The mere change in the cocci from gram—
positive to grathogative was éﬁfficieht to dqprivoythe cells'of theif"
specific antigenic behavior,

It is, thercfore, obvious that, irn any attempt to extract in an ac-
tive form the capsular antigen of Preumococcus, great care rmst be taken to
provent any autolysis ir the coursc of the process; Two techniques have
goenerally beer advocated for obtaining solutions of pneumococcii.(a) solu~

tior ir bile or bile salts, (b) disintcgration of the cells by freezing
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and thawing. The effect of bile is gererally attributed to its activity as
a depressor of surface tension or as a peptising agent; repeated freezing
and thawing is supposed to rupture the cells by the formation of ice crys—
tals, These two techniques were subjectea to an exacting experimental ana-
lysis, and it was found impossible to obtain rupture of the cells by either
one of them under conditions that did not allow enzymatic action, The ex-
perimental results may be summarized as follows: (1) bile solubility, arnd
susceptibility to froezirng and thawing are not deperndent upon viability of
the cells; both propertics arc still present when tho cells have been killed
by agents which do not iractivatc tho cellular_ enzymes; (2) both properties
disappear whon the enzymos have beer iractivatod by heat or by poisons;
(3) both processes are ireffective whern carried out in acid or alkaline
reactions, outside the rarge of activity of the autolytic enzyme; (4) they
are ineffective when the temperaturc is at ro time allowed to reach a level
at which crzyme action carn take placo.

Many other techniques have beer developed to put preumococci in

golutiorn, but all of them involve as a recessary step an action of that en-

zyme which renders‘the cells gram~negative. And it is this change which
seems to render the capsular polysaccharide antigen ineffective in the
rabbit,

Three enzymes have, thorefore, beer demonstrated to have the power
of inactivating the polysaccharide antigen of virulert pneumococci, namely,
the leucocyte eniyme, lysozyme, and the preumococcus autolytic enzyme. The
nature of these enzymes is still unkmown, although K. Meyer has presented
some evidence indicating that lysozyme acts as a mucinase. Of much signi-~
ficance is the fact that any actiorn rendering pncumococci gram—-negative also

impairs their ability to act as a complete antigen. Careful microscopic
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exaniratior has shown that heatirng a cell suspernsior of preumococci to 60°,
which is the usunl method of preparing vaccires, does not prevent a certain
amount of autolysis from taking place. Differernt techriques for preparing
bacterial vaccines and the antigernic efficacy of the resulting preparations
bare row boirg studied. It is hoped that thesc investigations will assist
ir demonstratinrg the rature of tho "capsular polysaccharide antigen.!

The synthesis of uroric acids and their chemo—inmunological rela-

tionship to the specificity of bacterinl polysaccharides (Goebel and

Hotchkiss). The immunological specificity of encapsulated microorgarisms
noy bo attributed to the spocific polysaccharides which constitute a part

of the encapsulating naterial. It hag been observed irn our laboratory that
all of tho specific bactorial polysaccharides thus far investigated contain
certair sugar acids, uronic acids, which form arn integral part of the speci-
fic carbohydratc nolccules. These urornic acids are believed to have a nore
importart function in determiring the type specificity of bacterial polysac~
charides thar do tho hexose constituents with which the uronic acids are
combirced.

In support of this view, the immurological properties of an artifi-
cial artigen, prepared by combining the p—aninobenzyl glycoside of glucuronic
acid with forolgn proteir, have beer investigated and cormpared with those of
a simllar antigon contairning the p~aminobenzyl glycoside of glucose. It has
been found that rabbits inmmunized with the artificial glucuroric acid anti~
gen givo rise to specific antibodies which bear rno serological relationship

to the antibodies elicited by the glucose antigen,

In previous roports it has been showm that in artificial carbohydrate-

protcin-antigens corntaining hexoses and disaccharides, certain identities in

the stcreochenical configuratiorn of the carbohydrate radicals are reflectod
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in the antibodies to which the artigens give rise, The stereochemical re~

lationship of the ssymmetric carbon atoms of the p-aminobenzyl glycosides

of glucose and of glucuronic acid may be seen from the following structural

formulas:
(6) (6)
CHEOH COOH
0 5 0 0—CHasC e Hy NH
H ! 0-CH,C.H;NH H 5CpHaNHp
I‘i 2767472 B
4 N , 4 1
N\, 01 H OH H
N /H OH / H
OH 3 2 3 2
H ou H OH
p-aminobenzyl glycoside of glucose p—-aminobenzyl glycoside of glucuroric

acid

It is apparent that the stereochemical configuration of the two gly-
casides is in each instance identical. They differ only in tﬁat the glyco—
side of glucose contains a norn-polar primary alcohol (CHQOH) in the sixth
position, whereas ir the glucuronic acid glycoside molecule, a highly polar
carboxyl (COOH) occupies this position. The specificity of the antibodies
induced by antigens contairing these two glycosides is so sharply defined
that they exhibit no serological crossing whatsoever. This singular selec-
tivity must be attributed, therefore, to differences in the chemical group-
ings occupying the sixth positior in each glycoside molecule,

It has previously been found that the specific polysaccharides of
Types II, IIT, and VIII pneumococcus are constituted of molecules of glﬁQOSe
and glucuronic acid in varying proportions. The important role played by
ﬁhe highly polar uronic acids as determinants of the immunological proper-
fies of encapsulated microorganisms is clearly demonstrated by the following
fact: the artificial glucuronic acid-proteir antigen reacts in Types II, III,
and VIIJ] antipneumococcus horse sera, in dilutions of one part ir one mil-

lion, whereas the corresponding glucose artigen is serologically irert. In
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these irnstarces, the serological activity of the artificial glucuronic acid~

protein antiger must be attributed to the irteraction of antibodies elicited

by the highly polar uroric acid constituent of the bacterial polysaccharides,

with similar groups in the artificial antigen. Dospite the fact that the
artificial glucuronic acid-proteir antigen possesses these unusual immunolo-
gical properties, it does rot cvoke antibodies capable of protecting arimals
against oxperimental preumococcus infectiorn. The reasorn for this may lie in
the fact that the glucuroric acid corstituernt of the artificial arntiger does
rot approximatc closely erough the uroric acid constituents of the specific
bacterial polysaccharides, Tho latter substances contain aldobionic acids,
disaccharides of which glucuronic acid is but ore component,

The preparation of artificial aldobioric acid-proteir antigens nece-
essitates the acquisition of corsiderable quantities of thesc acids, either
by isolation from ratural sources or by chemical synthesis. The aldobionic
acid obtairned from gum acacia, galactose-6-glucuronide, has been selected
as more suitable for preliminary experiments than the rarer aldobiornic acids
of the bacterial polysaccharides., A method has now been developed for the
preparation of the bromo-heptacetyl methyl ester of the aldobionic acid from
gum acacia. This derivative will serve as an important intermediate for the
preparation of the correspording aldobioric acid-protein antigern.

Chemical synthesis as a method of obtaining aldobioric acids has
awaited the developmént of the chemistry of glucuronic acid. The recént
preparation of acetohalogen derivatives of glucuronic acid irn this labora-
tory has now made possible the synthesis, not orly of conjugated glucuronides,

but of aldobiornic acids as well.
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The synthesis of the /A-heptacetyl methyl ester of the aldobionic

g S B 4 S

acid, glucose-6--~glucuronide:
GOOCHz QAc
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has been accomplished by condensing 1, 2, 3, 4~tetracetylglucose with 1-
bromotriacetyl-glucuronic acid methyl ester. The ,'-heptacetate so obtained

has been converted into the xX-modification, which is isomeric but not iden-

tical with the ol~heptacetyl methyl ester of the aldobioric acid derived from
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types III and VIII pneumococcus polysaccharides. The application of analo-

gous synthetic procedures should soor make possible the preparatiorn in the
laboratory of aldobionic acids identical with those presert in the soluble

specific substance elaborated by Pneumococcus.
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